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PREFACE 

The use of pesticides in or near agricultural waters is being scru- 
tinized carefully by a number of State and Federal agencies for 
possible environmental hazards. The investigations reported in this 
bulletin provide information on the possible hazards and the margins 
of safety in irrigating certain farm crops with water that contains 
2,4-D or silvex. Although these investigations were conducted in 
1967 at the Irrigated Agriculture Kesearch and Extension Center, 
Prosser, Wash., the results are still pertinent and applicable to many 
similarly irrigated areas. 
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Responses and Residues 
in Sugarbeets, Soybeans, and 
Corn Irrigated With 2,4-D 

or Silvex-Treated Water 
By V. F. Bruns, research agronomist^ Irrigated Agriculture Re- 

search and Extension Center^ Western Region^ Agricultural Re- 
search Service^ Prosser^ Wash.; B. L. Carlile/ formerly senior 
research scientist^ Pacific Northroest Laboratories^ Battelle Memorial 
Institute^ Richland^ Wash.; and A. D. Kelley, agricultural research 
technician^ Irrigated Agriculture Research and Extension Center^ 
Western Region^ ARS^ Prosser^ Wash. 

INTRODUCTION 
The control of weeds is a major task in the operation and mainte- 

nance of drainage and irrigation systems {23^ 25).^ Research and 
development have shown that (2,4-dichlorophenoxy) acetic acid (2, 
4-D) is generally one of the most effective herbicides for control of 
broad-leaved weeds that inhabit the banks of such systems (5, IS). 
Certain formulations of 2,4-D also effectively control several emersed 
aquatic species such as cattail, waterhyacinth, and waterlily, which 
may grow at the waterline or directly in water (^, 7^, 22^ 2Ji), 
Similarly, 2-(2,4,5-trichlorophenoxy)propionic acid (silvex) effec- 
tively controls certain broad-leaved bank weeds, woody plants, and 
aquatic species, and may be particularly useful on species resistant 
to 2,4-1) and related compounds (5, 9, 27). Silvex and 2,4-D, at 
normal herbicidal dosages, do not usually injure grasses that are 
desirable on ditchbanks. 

The spraying of weedy plants in or along irrigation and drainage 
systems, and in or around lakes and reservoirs, without introducing 
some of the material into the water is extremely difficult, if not 
impossible. The irrigation of crops with water from conveyance sys- 
tems or impoundments subjected to such spraying operations poses 
two major questions. First, what effect will the herbicide in water 
have on crops? Secondly, will crops, particularly the edible parts, 
contain unacceptable residues of the herbicide? 

'Now with the Department of SoU Science, North CaroUna State University, 
Raleigh. 

^ItaUc numbers in parentheses refer to Literature Cited, p. 30. 
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Several field experiments determined the effects of 2,4-D in irri- 
gation water on certain crops {2. 3, ^, 6). The treatments were 
applied by furrow irrigation only. In these experiments, the crops 
tolerated rather high concentrations of 2,4-D. The crops were not 
analyzed for 2,4-D residues ; nor was silvex included in the previous 
field experiments. 

The objectives of these studies Avere primarily twofold. The first 
was to gain information on the response of an annual broad-leaved 
crop, a grass, and a root crop to 2,4-D and silvex in water applied 
in the field by furrow and sprinkler irrigation. The second was to 
determine if significant quantities of herbicide residues remained in 
the crops at normal harvesttime. A considerable amount of pre- 
liminary laboratory work was necessary to gain the second objective. 

INVESTIGATIONS 
The investigations reported herein w^ere conducted jointly with 

the Pacific Northwest Laboratories, Battelle Memorial Institute, 
Richland, Wash., under a project entitled, "Degradation and Deple- 
tion of Herbicides in Irrigation Waters and Accumulation of Resi- 
dues in Crops Irrigated with Treated Water." The project was 
financed by the U.S. Department of Agriculture, Agricultural Re- 
search Service contract 12-100-8863(34). The fieldwork was con- 
ducted at the Irrigated Agriculture Research and Extension Center, 
Prosser, Wash., whereas the analytical and other laboratory work 
was done primarily at the Pacific Northwest Laboratories, Richland, 
Wash. 

Analytical Methods 
The basic analytical method used in these investigations involved 

the conversion of 2,4-D and silvex forms to their respective methyl 
esters by esterification with boron triflouride in methanol (7^, 17). 
This derivative can be analyzed Avith precision and high sensitivity 
on the gas Chromatograph with an electron capture detector. 

2,4'D and Silvex in Water 

After a water sample was thoroughly mixed, a 500-milliliter (ml) 
aliquot was taken for analysis. The sample was acidified to pH 2.0 
with phophoric acid and extracted with multiple extractions of 
chloroform as outlined by Burchfield and Johnson (7). After the 
chloroform was evaporated, the residue Avas dissolved immediately 
in 5 ml of hexane and transferred to a 10-ml volumetric flask with 
three hexane washings (1 ml each). The hexane was evaporated 
to near dryness. The residue was then esterified and analyzed by 
electron capture gas chromatography. 
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2,4'D and Silvex in Soil 

After a soil sample was screened and thoroughly mixed, a 100-g 
subsample was taken for analysis. The moist soil was transferred 
to a 1-1 Erlenmeyer flask together with enough distilled water to 
form a slurry. At the same time, a 20-g sample of the soil was 
ovendried to determine the moisture content. The slurry was acidi- 
fied to a pH of 1 to 2 with phosphoric acid, and 100 ml of diethyl 
ether were added. The mixture was shaken vigorously for 20 min on 
a mechanical shaker, the liquid phases were decanted into a separa- 
tory funnel, and the two layers were allowed to separate. The 
aqueous layer was remixed with the soil slurry, and the solvent 
phase was collected in a graduated cylinder. Extraction of the soil 
slurry with diethyl ether (50 ml) was repeated two or more times. 
All glassware was rinsed three times with diethyl ether (10 ml each), 
and the rinsings were added to the initial extracts. All extracts were 
then combined and filtered through a glass filter that contained 25 
g of granular, anhydrous sodium sulfate. The solvent was evap- 
orated by a rotary vacuum in a warm water bath (40° C) to the 
point of dryness. The residue was dissolved immediately in 5 ml 
of hexane and quantitatively transferred to a 10-ml volumetric flask 
with three washings of hexane (1 ml each). The hexane was evap- 
orated to dryness under slight vacuum, and the residue was then 
esterified and analyzed. 

2,4-D and Silvex in Plant Material 

Basically, the procedure used for isolating 2,4-D and silvex from 
plant material involved primary extractions with acidified ethanol 
solution and several additional extractions with diethyl ether as 
described by Burchfield and Johnson (7). The procedure was modi- 
fied to include a basic hydrolysis to improve the recovery of 2,4-D 
and silvex. 

Each plant sample was chopped and mixed thoroughly before a 
100-g subsample (fresh weight) was taken for analysis. At the 
same tim^e, a 10-g subsample was ovendried for moisture determina- 
tion. The 100-g sample was blended with 300 ml of distilled water, 
200 ml of diethyl ether, 40 ml of 10-percent ethanolic sulfuric acid, 
and 10 g of sodium chloride in a blender at high speed for 3 to 4 
min. The homogenate was then transferred quantitatively to large 
centrifuge bottles and centrifuged at 1,500 revolutions per minute for 
5 min. The supei'uatant was decanted through a glass funnel that 
contained a glass wool plug into a round-bottom flask. The addition 
of 50 ml of diethyl ether to the plant residue and the suspending, 
mixing, centrifuging, and decanting wei'e repeated three times. The 



4 TECHNICAL BULLETIN 1476, U.S. DEPT. OF AGRICULTURE 

combined extracts were evaporated on a rotary vacuum evaporator 
to remove the solvent. The aqueous extract was brought to a pH of 
10 by the addition of sodium hydroxide and heated over a steam 
bath for 4 hours. The sohition was then acidified with sulfuric acid 
to pH 1 and placed in a separatory funnel for liquid-liquid extrac- 
tion. The acidified extract was extracted three times with 100 ml of 
diethyl ether, the solvent was evaporated to near dryness by rotary 
vacuum evaporation, and the residue was dissolved in benzene. The 
residue was then subjected to additional cleanup by column chroma- 
tography. 

Extract Cleanup 

Two procedures of column chromatography were used in the 
cleanup of extracts from plant material. The initial procedure in- 
volved the one-stage separation of methyl esters of 2,4-D and silvex 
on 200- by 15-ml columns of Florisil. For best results, the Florisil 
was partly deactivated by adding water (5 percent) and equili- 
brating before use. The plant extracts were transferred to the top of 
the column and washed with 100 ml of benzene, and the effluent 
was discarded. The esters of 2,4-D and silvex were eluted with 
20-percent diethyl ether in 100 ml of benzene, and the eluate was 
carefully evaporated to standard volume for analysis. 

A subsequent procedure that utilized a one-step separation of 
acids of 2,4-D and silvex on 100- by 15-ml columns of basic alumina 
was adapted to remove a large quantity of interferring plant ma- 
terials. The concentrated sample extract dissolved in benzene (not 
esterified) was transferred onto the column. The column was washed 
with a series of chloroform-ether washes. Acidic phenoxy acids 
remained on the basic column during this procedures. They were 
eluted, after the column was dried, by passing 100 ml of a 1-percent 
solution of sodium bicarbonate through the column. The eluate was 
acidified to pH 1 with phosphoric acid and extracted three times 
with 50 ml of diethyl ether. After evaporating the ether to dryness, 
the herbicide residue was esterified and analyzed by gas chromatog- 
raphy. 

Esterification Procedure 

Extracts from the water, soil, and plant samples were esterified 
by the boron triflouride (BF3)-methanol procedure, whereby 6 ml 
of 12.5-percent BF^-methanol solution were added to each sample 
and heated until BF3 fumes were released {17). The methyl esters 
of 2,4-D and silvex were then extracted into 2 ml of hexane, and 
aliquots were taken from the hexane layer for gas Chromatographie 
analysis. 
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Gas Chromât o graphy Analyses 

Samples were analyzed on a Beckman Model GC-4 gas Chromato- 
graph equipped with an electron-capture detector, direct on-column 
injection, and programed temperature and carrier-gas-differential 
flow controllers. The Chromatograph glass columns were 6 feet long 
and one quarter of an inch in diameter and packed with 3-percent 
Beckman Lopol on 100/120 mesh Chromosorb G. Column and 
detector temperatures were 170° and 220° C, respectively. The 
carrier gas was helium with a colurím ionizing flow rate of 20 ml 
per minute and a column discharge flow rate of 190 ml per minute. 
The column was purged with carbon dioxide at the rate of 12 ml 
per minute. A 1- to 5-microliter sample was injected into the 
Chromatograph. Isothermal column temperature was used in the 
analyses, except for certain plant extracts when temperature pro- 
graming was utilized to expel extraneous material from the column 
and reduce time of analysis. 

Detector-response curves for the Chromatograph were prepared 
from standard solutions of the pure methyl ester of each acid 
and compared with the unknowns to determine the amount of 2,4-D 
or silvex in the samples. The response was recorded by a disk 
integrater which measured peak areas as a function of the amount 
injected into the Chromatograph. 

Laboratory Experiments 

Methods and Materials 

The stability and recovery of 2,4-D and silvex in and from water, 
soil, and plant samples were investigated in replicated laboratory 
experiments before the field studies. Water samples from irrigation 
canals were collected and thoroughly mixed in a 5-gal carboy. One 
liter subsamples were spiked with 0, 0.02, 0.1, and 5.0 parts per 
million (ppm) of the alkanolamine salts of 2,4-D and the propylene 
glycol butyl ether (PGBE) ester of silvex and stored in the dark 
at room temperature (23° C) and under refrigeration (5°). After 1 
hour, 7 days, and 14 days in storage, duplicate 100-ml aliquots of 
each subsample were analyzed by procedures described under "Ana- 
lytical Methods." 

Procedures for extracting 2.4-D and silvex from soil were tested 
on samples of Warden very fine sandy loam that were collected from 
noncultivated land on the Irrigated Agriculture Research and Ex- 
tension Center, Prosser, Wash. The samples were spiked with known 
quantities of the alkanolamine salts of 2,4-D and the PGBE ester 
of silvex, and recovery percentages were determined after extraction 
by the procedures described under "Analytical Methods." 
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The stability of 2,4-D and sil vex in soil samples stored at low 
temperature was measured by treating soil samples with known 
amounts of the herbicides, storing the samples at -10° C for 6 weeks, 
and then analyzing for 2,4-D and silvex. 

Extraction procedures for plant material were evaluated by col- 
lecting samples of foliage and roots of field-grown corn and sugar- 
beets and spraying them with the alkanolamine salts of 2,4-D and 
the PGBE ester of silvex at 0.1, 1.0, and 10.0 ppm. Foliage and roots 
of soybeans grown in nutrient solutions in growth chambers were 
also sprayed Avith 2,4-D and silvex at 2 and 20 ppm. The samples 
were macerated in a blender and analyzed in accordance with the 
procedures described previously. 

In another series of experiments, 4-week-old soybeans grown in 
nutrient solutions in a growth chamber were treated by adding the 
2,4-D or silvex to the nutrient solution of some plants and by placing 
a drop of herbicide solution at the base of leaves of others. After 
2 days, the plants were harvested and analyzed for herbicide residues. 

Results 

Extraction from water.—The procedure for extraction and analysis 
was rather efficient. Recoveries 1 hour after spiking the water sam- 
ples with 2,4-D or silvex ranged from 89 to 95 and from 94 to 100 
percent, respectively (table 1). 

TABLE 1.—Recovery of 2.¡Í-D and silvex from canal water in labora- 
tory experiments 

Herbicide 
Recovery— 

and 
concentration After 

1 hour 
at 23° C 

After 7 days at— After 14 days at— 

(ppm) 
23° C 5° C 23° C 5° C 

2,4-D : 
0.02 _  - _ . 

Percent 

95 
93 
89 

-  100 
94 
96 

Percent 

81 
85 
87 

97 
95 
97 

Percent 

97 
95 
88 

99 
97 
95 

Percent 

14: 
72 
83 

97 
91 
96 

Percent 

91 

.10  
5.00 — 

96 
92 

Silvex : 
0.02 98 
.10  

5.00 

94 
98 

The 2,4-D levels in the water samples stored at 23°  C declined 
gradually after 1 and 2 weeks in storage (table 1). The percentage 
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loss tended to decrease with increase in initial concentration. No 
significant loss was apparent after 14 days of storage at 5°. 

Little, if any, silvex was lost from water samples stored for 14 
days (table 1). However, the PGBE ester of silvex "was hydrolyzed 
completely to the acid form after 7 days of storage at either 5° or 
23"^ C. Therefore, all samples from later field experiments were 
handled to insure recovery of both the ester and acid forms of 
silvex. 

Extraction from soil,—The use of the diethyl ether procedure 
for the extraction of 2,4-D and silvex from soil provided adequate 
recoveries with minimum interference from extraneous organic ma- 
terial. Recoveries of 2,4-D and silvex averaged 95±:4 and 94=1=3 
percent, respectively. Unlike other procedures that were tested, the 
diethyl ether procedure required no additional cleanup of extracts 
from the soil samples. 

The recovery of 2,4-D and silvex from moist soil stored at —10° 
C for 6 weeks ranged from 89 to 94 percent. Thus, the losses of 
chemical from the soil under the conditions of this study were 
insignificant. 

Extraction from plant material.—The average recovery of 2,4-D 
and silvex added to foliage and roots of corn, sugarbeets, and soy- 
beans ranged from 82 to 97 and from 86 to 96 percent, respectively 
(table 2). Low recoveries, primarily from green foliage samples, were 
attributed to interference in the gas Chromatograph from extrane- 
ous organic material. Recovery percentages were increased by clean- 
ing up the samples on Florisil in chromatography columns. 

No 2,4-D or silvex was detected in the foliage of soybeans grown 
in solutions that contained 0.01 and 0.1 ppm of these compounds; 
however, measurable quantities (>0.005 ppm) were present in the 
roots. No symptoms of injury were evident after 2 Aveeks of growth 
in the treated solutions. 

Soybeans were injured slightly within 24 hours after 20 micro- 
grams of silvex were placed at the base of the leaves. Injury from 
similar applications of 2,4-D was barely noticeable. Recovery of 
2,4-D from foliage and roots 2 days after treatment varied between 
70 and 81 and between 8 and 11 percent, respectively (table 3). 
Similarly, recovery of silvex from foliage and roots varied between 
74 and 85 and between 5 and 10 percent, respectively. A small amount 
of 2,4-D was found in the solution which nourished the plants 
treated with 20 micrograms of the herbicide. This suggests exudation 
of 2,4-D from the roots into the solution. No silvex was detected 
in the nutrient solutions. 
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Discussion 

Inasmuch as the water-sokible amine salt of 2,4-D and the PGBE 
ester of sil vex were used in these studies, the existence of various 
forms of the herbicides (salts, esters, and ester-hydrolysis products) 

TABLE 2.—Recovery of 2^Ii.-D and silvex added to plant material in 
the laboratory 

Plant part 
Concentration 

added 

Recovery ^ 

2,4-D Silvex 

Ppm Percent Percent 
Corn foliage 0.1 86 87 

Do               1.0 83 89 
Do             10.0 88 91 

Corn roots .1 88 
90 

94 
Do               1.0 94 
Do             10.0 94 94 

Beet foliage .1 85 91 
Do               1.0 86 96 
Do             10.0 90 89 

Beet roots            .1 88 90 
Do               1.0 89 90 
Do             10.0 97 88 

Soybean foliage               2.0 82 86 
Do             20.0 85 87 

Soybean roots 2.0 87 94 
Do             20.0 87 94 

^ Averages of 3 analyses of the treated plant material. 

TABLE 3.—Recovery of 2^Jf-D and silvex applied in drops to the base 
of leaves of soybeans groivn in nutrient solution 

Micrograms of 
herbicide applied 

per plant 

Material 

Recovery 2 days 
treatment ^ 

after 

analyzed 
2,4-D Silvex 

Foliage 
Roots 

Percent 
72 
10 

Percent 
76 

7 
Solution 
Foliage 
Roots 
Solution 

0 
78 
9 
2 

0 
82 

7 
0 

2  
Do 
Do 

20  
Do 
Do 

^ Averages of 3 analyses. 
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in the collected samples was possible. Over 50 percent of the PGBE 
ester of silvex was hydrolyzed to the acid form in less than 48 hours 
in water and 72 hours in moist soil. Because the conversion of the 
ester form to the acid was rapid, all sample extracts of 2,4-D and 
silvex were esterified to the methyl ester by BFs-methanol before 
the analyses. When the acid forms of 2,4-D and silvex Avere present 
in water and soil samples, good extraction efficiency with organic 
solvents could be achieved only if the samples were acidified before 
extraction. Acidification suppressed the formation of the carboxylate 
ion which cannot be extracted into organic solvents. 

The extraction of anionic 2,4-D or silvex from all plant material 
cannot always be accomplished successfully by acidification. These 
compounds can form conjugates with natural metabolites in plant- 
material and cannot be extracted with organic solvents unless sub- 
jected to some hydrolytic procedure. Recoveries were significantly 
higher when the raw extract was hydrolyzed in basic solution over 
a steam bath for several hours. After the hydrolysis, the aqueous 
solution was acidified again, and the sample subjected to extraction 
with an organic solvent which extracted the free acids of 2,4-D and 
silvex. 

Generally, the quality of the reagents and solvents used in the 
procedures w^as nanograde. Reagent grade solvents were redistilled 
from a glass still before use. Each solvent was examined by electron- 
capture gas chromatography to determine its suitability. Glass bottles 
were used to dispense the solvents, and contact with polyethylene 
was avoided. All glassware, except volumetric flasks and pipettes, 
was heat-treated overnight at 300° C to eliminate organic contami- 
nates. Objectionable impurities in the anhydrous sodium sulfate and 
cleanup adsorbants were removed by heating the solids at 400° for 
8 hours. 

Gas Chromatographie analyses of the methyl esters of silvex and 
2,4-D was a convenient and sensitive method if proper attention was 
given to cleanliness of apparatus and reagents and to handling of 
sample extracts. The procedures adapted for cleanup of extracts 
of plant material in these studies did not eliminate all organic 
contaminates and some column degradation and detector fouling 
occurred. However, since large numbers of samples were involved, the 
preparation of new columns and the occasional cleansing of the 
detector were more expedient than the use of more rigorous cleanup 
procedures. 

The practical lower limits for measurement of 2,4-D and silvex 
in water, soil, and plants depended primarily on the sensitivity of 
the instrument, the size of the sample, and the amount of extraneous 
material that remained in the sample.   Because the absolute lower 
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limit of detection (2:1 signal to noise ratio) is dependent upon the 
sample and analytical conditions, the practical lower limit of 
measurement is difficult to define. For most water samples, the 
detection limits were approximately 0.01 parts per billion (ppb) 
of silvex and 0.04 ppb of 2,4-D when 500-ml samples were used. 
For soil samples, the detection limits of the procedure were approxi- 
mately 0.5 ppb of silvex and 2 ppb of 2,4-D when 100-g soil samples 
were used. 

The analyses of plant material were somewhat more variable 
because the background peaks for each plant and plant part were 
different. At the beginning of the study, a detection level of 5 ppb 
was selected as a goal for minimal measurement of 2,4-D and silvex 
in plant material, and the extraction and cleanup procedures were 
carried out accordingly. 

Studies showed that significant losses of 2,4-D from treated sam- 
ples of irrigation water may occur. Studies by previous investigators 
on the fate of herbicides in water and soil have shown that 2,4-D 
may be rapidly degraded by biological action when specific micro- 
organisms are present (/, /7, 18). Because 2,4-D has been used as a 
herbicide in the Yakima Valley for many years, it is likely that 
micro-organisms that are adapted to the decomposition of 2,4-D 
inhabit the water systems of the region. 

Field Experiments 

Methods and Materials 

The experiments were conducted on Warden very fine sandy loam. 
The soil contained approximately 1.5 percent organic matter and was 
'?> to 5 feet deep over bedrock. 

On February 16, 1967, the experimental site was fertilized, disked, 
plowed, and packed. Early in April, winter wheat (Gaines) was 
seeded in the areas which were not occupied by plots or alleyways. 

Before and after the chemical treatments, all plots were culti- 
vated or handweeded and irrigated as necessary to maintain optimum 
weed control and adequate soil moisture for all crops. Injury 
symptoms after treatments w^ere ]ioted and recorded. Crops were 
harvested after maturity (dwarf corn was harvested September 14 
to 15 ; soybeans, September 20 ; sweet corn, September 27 to October 
3; and sugarbeets, October 9 to 13)  and yields were determined. 

All soil and green plant samples collected for residue analyses 
were sealed in pol yet M^l ene bags and frozen immediately with dry 
ice in the field. The samples were then stored at —10° C until they 
were analyzed. Water samples were collected in glass bottles and 
kept in a refrigerator until they were analyzed. 
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Furrow irrigation.—Twenty-one plots, each 10 by 12 feet, were 
laid out on contour with a zero grade within each of three blocks. 
Each block was divided into three replicates or subblocks. Alleyways 
between plots and between subblocks were about 2 feet wide (fig. 1). 

On April 6, four rows of sugarbeets (U & I Commercial Hybrid 
Monogerm), 12 feet long and 2 feet apart, were planted in each plot 
in one block. On May 23, soybeans (Merit) and sweet corn (Ferry 
Morris Cross) w^ere planted likewise in the other two blocks. After 
the seedlings were well established, the sugarbeets, soybeans, and 
sweet corn were thinned to average one plant per 10, 4, and 9 inches 
of row, respectively. 

On August 7 to 9, 2,4-D and silvex were applied to plots at random 
within each subblock at rates of 0, 0.22, 1.10, or 5.51 parts per 
million by weight (ppmw) (hereafter referred to as the specified 
concentrations) in the equivalent of 2 acre-inches of water (0.1, 0.5, 
or 2.5 lb per acre). The sweet corn was in the early-milk stage, the 
sugarbeets were 3 to 5 inches in diameter, and the soybeans were 
65-percent podded. Six 600-gal tanks on sleds and equipped with 
valves, hoses, and boom attachments were used to apply the irriga- 
tion water and chemicals (fig. 1). The technique is described in 
previous publications {2. 3, 5), K. given tank was used to apply one 
chemical at one rate only. Each application was made in approxi- 
mately 114 hours. 

Measured quantities of 2,4-D or silvex were thoroughly mixed with 
the appropriate quantity of irrigation water in the 600-gal tanks. 
The flow of treated water from the tanks was regulated by valves to 
maintain proper levels of water in the irrigation furrows. The 
irrigation furrows were dammed at each end of the plots to provide 

PN-3374 
FIGURE 1.—The arrangement of furrow-irrigated plots and the appUcation of 

herbicide-treated water by means of tanks, valves, hoses, and boom 
attachments. 
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uniform application and wetting and to eliminate effluent during 
irrigation. 

During the furrow-irrigation treatments, the^ air temperatures 
ranged from 72° to 92° F, and the wind velocities varied from nearly 
0 to 10 miles per hour  (mph). 

Water samples were collected for analyses from outlets in the 
boom 15 and 45 minutes after treatments were started. Soil samples 
were also taken for analyses from a depth of 0 to 6 inches in the 
crop rows 1 and 7 days after treatment. Samples of roots, foliage, 
and seeds or seed parts were collected 7 days after treatment and 
during harvest from each plot, and the replicate samples were com- 
posited for residue determinations. 
Sprinkler irrigation.—Twenty-one subplots, each 10 by 12 ft, were 
laid out in semicircular plots within each of three blocks (fig. 2). 
One subplot of each crop (sugarbeets, corn, and soybeans) Avas in- 
cluded in each semicircle. Each of the three blocks or replicates 
contained seven semicircular plots. 

On April 5, four rows of sugarbeets were planted at random on 
one subplot within each semicircle. Similarly, soybeans and dwarf 
corn (PeeWee B-N.D. 56) were planted on May 23 and June 2, 
respectively.   By June 21, the sugarbeets, soybeans, and dwarf corn 

PN-3375 
FIGURE 2.—Three rectangular subplots of test crops within a 30-foot semicir- 

cular area  (main plot)  for making sprinkler irrigation treatments. 
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were thinned to average one plant per 10, 4, and 6 inches of row, 
respectively. 

From August 11 to 17, 2,4-D and silvex were applied randomly 
at rates of 0.02, 0.22, and 2.21 ppmw (hereafter referred to as the 
specified concentrations) in the equivalent of 2 acre-inches of water 
(0.01, 0.1, and 1.0 lb per acre). Each treatment was applied to the 
three replicated plots simultaneously through three oscillating, half- 
circle, sprinkler heads at the end of 100-foot, 3/4-inch, plastic hoses 
(fig. 3). The opposite ends of the hoses were connected to a 3^-inch 
cross at the end of an assembly for mixing and for dispersing the 
water and 2,4-D or silvex in correct proportions. 

The prescribed quantities of 2,4-D or silvex were mixed with 48 
gal of water in a 53-gal pressure cylinder (fig. 4). Pressure in the 
cylinder was maintained at 45 pounds per square inch (psi) with 
nitrogen gas. The solution in the cylinder was introduced through a 
flowmeter and into the mixing and dispersing assembly by means of 
copper tubing. Pressure in the irrigation water supply line and the 
assembly was maintained at 35 psi. A ñowmeter was used to measure 
the equivalent of 2 acre-inches of irrigation water per treatment. 

Each treatment was made in 8 hours. The treatments were made 
between 1:00 a.m. and 9 :00 a.m. to avoid interference from strong 
breezes or winds which frequently occur during midmorning and 
afternoon in this area. Adjacent subplots were completely covered 
with pliable sheeting during treatments as an additional safeguard 
against contamination by drifting particles. 

Sugarbeets were 3 to 5 inches in diameter, the short-season dwarf 

PN-3376 
FIGURE 3.—An osciUating, half-circle sprinkler head attached to the end of a 

plastic hose and placed at the radial point of the semicircle during a 
sprinkler irrigation treatment. 
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PN-3377 
FIGURE 4.—Equipment for treating sprinkler-irrigated plots. 

1. 53-gallon cylinder. 2. Nitrogen gas cylinder. 3. Meter. 4. Mixing and dis- 
persing assembly : A, Irrigation water supply line ; B, flowmeter ; C, treated 
water intake ; D, mixer and strainer ; E, %-inch cross with 3 hoses at- 
tached ; and F, sampling spout. 

corn was in the late-milk stage, and soybeans Avere 65-percent podded 
at the time of treatment. 

Maximum daytime air temperatures from August 11 to 17 ex- 
ceeded 100° F. However, air temperatures during the actual treat- 
ments ranged from 54° to 71°. Wind velocities varied from approxi- 
mately 0 to 7 mph. 

Water samples for analyses were taken from the mixing and dis- 
persing assembly near the beginning, middle, and end of each treat- 
ment. Water samples were also collected from a catch tray or funnel 
(18 inches in diameter and 12 inches above ground ) during treat- 
ment to determine losses of the chemicals through volatilization 
during sprinkler irrigation (fig. 5). Soil samples were taken from 
a depth of 0 to 6 inches in the crop rows at the end of the treatment 
and 2 days later to determine herbicidal infiltration. Samples of 
roots, foliage, and seed or seed parts were collected from each plot 
2 days after treatment and during harvest, and the replicate samples 
were composited for residue analysis. 

One-half of each sample of sugarbeet roots collected at harvest- 
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time for residue analysis was used to determine sugar content.^  The 
analyses for sugar content were made in quintuplet. 

Results and Discussion 

Analyses of water and soil from furrow-irrigated plots.—In gen- 
eral, the average 2,4-D or silvex concentrations in the water samples 
as determined by analyses (hereafter called the analytic concentra- 
tions) were 94 to 99 percent of the specified concentrations (table 4). 
The analytic concentrations of 2,4-D in samples from the first appli- 
cations (sugarbeet plots) at the lowest concentration (0.22 ppmw) 
were an exception and averaged only 32 percent of the specified con- 
centration. However, such concentrations increased with subsequent 
treatments until an average of 95 percent of the specified concen- 
tration was reached. The 600-gal tanks had been coated with 
aluminum paint (varnish base) several months before the treatments. 
The tank and pipe surfaces apparently sorbed appreciable quanti- 
ties of the chemical, particularly during the early treatments. Vari- 
ous phenoxy compounds reportedly react with or are sorbed by 
certain paints and metals {15). Such sorption could occur at the 
high rates and at the low rate of application and be masked by 
the differences in sorption: concentration ratios. Some sorption of 
chemicals by sediment in the irrigation water undoubtedly occurred 
also. 

Losses of 2,4-D and silvex from the soil within 7 days after furrow 

^ The sugar content of sugarbeet samples was determined by the U-I Sugar 
Company, Toppenish, Wash. 

PN-3378 
FIGURE 5.—A plastic catch tray or funnel (18 inches in diameter and 12 inches 

above ground) used to sample water during sprinkler irrigation treatments. 
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irrigation with treated water were not significant. Therefore, the 
data from tlie analyses of soil samples collected 1 and 7 days after 
treatment were averaged (table 5). 

No 2,4-D was detected in the soil samples from sugarbeet and 
soybean plots treated at the lowest concentration (0.22 ppmw) and 
only 0.008 ppmw was found in the samples from the corn plots. On 
plots treated at 1.10 or 5.51 ppmw, the concentrations of silvex in 
the soil samples (average 0.17 and 0.97 ppmw) were higher than 
those of 2,4-D (average 0.11 and 0.48 ppmw). Some of the 2,4-D 
and silvex undoubtedly was sorbed by organic matter in the furrows 
and surface soil during treatment. 

Analyses of boater and soil froîn sprinkler-irrigated plots.—The 
analytic concentrations of 2,4-1) and silvex in the sprinkler system 
were 91 to 96 percent of the specified concentrations (table 6). 
Apparently no 2,4-D (an amine salt form) was lost to the atmosphere 
during sprinkler irrigation as determined by analyses of water 
samples from the tray. However, 5 to 10 percent of the silvex (an 
ester form) was lost to the atmosphere during the sprinkler irri- 
gation treatments. 

Losses  of 2,4-D  and  silvex  from the soil  within 2  days  after 

TABLE 4.—Concentrations of ^,^-Z> and silvex in water applied by 
furrow irrigation 

Chemical concentration 

Analytic 
Crop               Specified                    Analytic^ relative 

 ——         to specified 
2,4-D Silvex 

2,4-D Silvex 

Ppmw Ppmw Ppmw Percent Percent 
Untreated check __ 0 <0.00004 <0.00001 
Sweet corn  .22 .21 .21 95 95 
Soybeans  .22 .17 .21 77 95 
Sugarbeets     .22 .07 .21 32 95 
Sweet corn  1.10 1.07 1.03 97 94 
Soybeans  1.10 1.08 1.03 98 94 
Sugarbeets  1.10 1.04 1.04 95 95 
Sweet corn  5.51 5.24 5.44 95 99 
Soybeans  5.51 5.19 5.33 94 97 
Sugarbeets  5.51 5.24 5.38 95 98 

^ The lowest reliable limits of detection for 2,4-D and silvex were 0.00004 and 
0.00001 ppm, respectively. The values were corrected for extraction efficiency 
and are presented as averages of 2 samples from each of three replicate plots. 
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sprinkler-irrigation with treated water were not significant. Thus, 
the data from the analyses of soil samples taken at the end of each 
treatment and 2 days later were averaged (table 5). 

No 2,4-D and only about 0.001 ppmw of silvex were detected in 
soil samples from plots treated at 0.02 ppmw. The average concen- 
trations of 2,4-D and silvex in the soil samples from plots treated 
at 0.22 or 2.21 ppmw were approximately 0.02 ppmw for the 0.22 
treatments and 0.20 ppmw for the 2.21 treatments. Plant foliage 
obviously intercepted appreciable quantities of the chemicals during 
the sprinkler treatments. 

CROP RESPONSE TO 2,4-D IN FURROW IRRIGATION WATER 

Sugarleets.—WithivL 2 weeks after treatment, sugarbeets on plots 
treated with 2,4-D at 5.51 ppmw (2.5 lb per acre) were wilted and 
drooped. Some petioles were curved downward abnormally. Injury 
symptoms were similar but milder on plots treated at 1.10 ppmw 
(0.5 lb per acre). Growth on plots treated at 0.22 ppmw (0.1 lb per 
acre) appeared normal. 

TABLE 5.—Concentrations of 2^i-D and silvex in soil within 7 days 
after furrow irrigation and 2 days after sprinkler irrigation with 
treated water 

2,4-D or silvex concentration 2 

Irrigation method 
and chemical Concentration i Sugarbeet Soybean Corn 

plots plots plots Average 

Furrow Ll)8 
irrigation : Ppmw per acre Ppmw Ppmw Ppmw Ppmw 

2,4-D     0.22 0.1 <0.002 <0.002 0.003 0.001 

Do  1.10 .5 .10 .14 .09 .11 

Do  1.10 .5 .19 .19 .12 .17 

Silvex  .      .22 .1 .027 .035 .026 .029 

Do  5.51 2.5 1.01 .98 .91 .97 

Do  5.51 2.5 .42 .62 .40 .48 

Sprinkler 
irrigation : 

2,4-D     .      .02 .01 <.002 <.002 <.002 <.002 

Do  .22 .1 .01 .01 .03 .02 

Do  2.21 1.0 .22 .12 .28 .21 

Silvex     -      .02 .01 .002 .001 .001 .001 

Do  .22 .1 .02 .01 .03 .02 

Do  2.21 1.0 .09 .21 .30 .20 

^ See tables 4 and 6 for analytical concentrations. 
^Dry soil basis. The lowest reliable limits of detection for 2,4-D and silvex 

were 0.002 and 0.0005 ppm, respectively. 
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TABLE ^.—Concentrations of ^^-D and silvex in water applied hy 
sprinkler irrigation 

Chemical 
Specified 

concentration 

Concentrations of 2,4-D or silvex 

Analytic relative 
Analytic^ to specified 

Pipe Tray Pipe       Tray 

Ppmw 
Untreated check, 0 
2,4-D  .02 

Do     .22 
Do  2.21 

Untreated check. 0 
Silvex     .02 

Do  .22 
Do  2.21 

LU 
per acre 

0 
.01 
.1 

1.0 
0 

.01 

.1 
1.0 

Ppmw Ppmw   Percent Percent 
<0.00004 <0.00004 __ 

.021 .021 95 95 

.20 .20 91 91 
2.12 2.15 96 97 

< .00001 < .00001 __ 
.020 .018 91 82 
.21 .19 95 86 

2.10 2.00 95 90 

' The lowest reliable limits of detection for 2,4-D and silvex were 0.00004 and 
0.00001 ppmw, respectively. The values were corrected for extraction eflSci- 
ency and are presented as averages of 3 samplings during each treatment. 

Three weeks after treatment, many of the sugarbeet petioles on 
plots treated at 5.51 ppmw were twisted and discolored (dark). 
Many leaves were chlorotic or necrotic and somewhat malformed. 
Small or younirer plants were more severely injured than the 
lar^e or older plants. Again, injury symptoms were similar but 
milder on plots treated at 1.10 ppmw. Some symptoms of curly 
top virus were present and interfered considerably with the evaUia- 
tions. No definite symptoms of herbicidal injury could be distin- 
guished on plots treated at 0.22 ppmw. 

None of the 2,4-D treatments decreased the yields of sugarbeet 
tops or roots (table 7). Some of the beets on plots treated at 5.51 
ppmw possessed abnormal masses of fine roots which were injured or 
dead at harvesttime. 

Soyheam.—T^i\ days after treatment, the lower leaves on the soy- 
beans were yellowing. Such yellowing was more prevalent on treated 
than on untreated plots, and it increased in prevalence as the treat- 
ment rate increased. 

Two weeks after treatment at 5.51 ppmw, the soybean growth was 
stunted or suppressed. Such stunting or suppression was less obvious 
on plots treated at 1.10 ppmw. Plants on plots treated at 0.22 ppmw 
appeared normal. 
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TABLE 7.—Yields of sugarbeets^ soybeans^ and corn after furrow 
irrigation ivith 24-D or silvex-treated water 

Yields per acre ^ 

Chemical Specified 
concentration ^ 

Sugarbeets Corn 

Tops 
Soybeans 

Roots Fodder       Shelled 

Ppmw per acre      Tons Tons 
Untreated 

check  0 0 19.1   be 36.1a 
2,4-D  .22 .1 20.9     c 36.7 a 

Do     1.10 .5 16.1 abc 31.9 a 
Do  5.51 2.5 14.6 ab 31.4 a 

Silvex  .22 .1 21.2     c 36.6 a 
Do     1.10 .5 17.0 abc 34.9 a 
Do  5.51 2.5 13.5 a 33.3 a 

Bushels 

49.5   be 
56.8 c 
55.0     c 
44.7 ab 
54.5     c 
51.9 be 
37.5 a 

Tons      Bushels 3 

9.9 a 
10.1a 
10.4 a 

8.7 a 
10.6 a 
10.5 a 
11.1a 

203.3 a 
187.1 a 
187.8 a 
197.5 a 
190.5 a 
193.4 a 
197.1 a 

^ See tables 4 and 6 for analytic concentrations. 
^ Any 2 figures in the same column that are not followed by the same letter 

are significantly different at the 5-percent level of probability, except those 
under sugarbeet tops, which are significantly different at the 10-percent level, as 
determined by Duncan's multiple-range test. 

^ Computed on basis of 15.5-percent moisture. 

After 3 weeks, an average of 1, 7, 5, and 21 percent of the soybean 
leaves were chlorotic or necrotic on plots treated with 2,4-D at 0, 
0.22, 1.10, or 5.51 ppmw, respectively. At the same time, much of 
the terminal leaf growth of soybeans throughout the test area was 
malformed. Specimens were collected and cultured for pathological 
tests in the greenhouse.* The tests indicated that the terminal tissues 
were malformed by a virus known as the tomato big bud strain 
of aster yellows rather than by the chemical treatment. 

The 2,4-D treatments did not decrease the yield of soybean seed 
(table 7). However, the quality of the seed was somewhat reduced 
by the high concentration of 5.51 ppmw. 

Oorn.—Witlim 1 to 2 weeks after treatment, some of the lower- 
most leaves of corn were wilted or shrivelled on all plots. However, 
such wilting or shrivelling was more pronounced on plots treated 
at the highest concentration (5.51 ppmw). As the season advanced, 
any differences in desiccation were masked by natural maturity. 
None of the treatments decreased the yield of fodder or shelled corn 
(table 7). 

*F. E. Thomas, plant pathologist, Agricultural Research Service, U.S. Depart- 
ment of Agriculture, conducted the pathological tests. 
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CROP RESPONSE TO SILVEX IN FURROW IRRIGATION WATER 

/Sugarheets.—'T\vo weeks after treatment with silvex at 5.51 ppmw 
(2.5 lb per acre), sugarbeet petioles were curved downward ab- 
normally and the leaves were wilted. Similar but milder symptoms 
were noted on plots treated at 1.10 ppmw (0.5 lb per acre). No 
abnormalities were observed on plots treated at 0.22 ppmw (0.1 lb 
per acre). 

After ?) weeks, many of the petioles were limp, twisted, and 
bleached on plots treated at 5.51 ppmw. JNIany leaves, particularly 
the lower ones, were bleached and somewhat malformed. Again, 
similar but milder symptoms were observed on plots treated at 
1.10 ppmw. Detection of possible chemical injury from treatments 
at 0.22 ppmw was inhibited b}^ the presence of curly top virus. 

None of the treatments decreased the yield of sugarbeet tops or 
roots significantly at the 5-percent'level of probability (table 7). 
However, the concentration of 5.51 ppmw decreased the yield of 
tops at the 10-percent level of probability. 

A thin layer of tissue immediately beneath the epidermis was 
broken down in about 25 percent of the larger beet roots harvested 
from plots treated with silvex at 5.51 ppmw. The thin layer of 
dark brown, dead tissue was most pronounced in the upper part of 
the beets. Lesions or splits in the epidermis in the effected areas 
were common. Such a condition could possibly promote spoilage 
during the preprocessing, storage period of the sugarbeets. Large, 
secondary roots developed on a number of the smaller beets. These, 
in turn, were covered with an abundance of fine roots which were 
severely injured or dead at harvesttime. Treatments at 1.10 ppmw 
caused similar responses, but to a lesser degree. 

Soyhemis.—Two wxeks after treatment, growth of soybeans was 
suppressed by treatments at 5.51 ppmw\ Such suppression was less 
noticeable on plots treated at 1.10 ppmw\ and not apparent on plots 
treated at 0.22 ppmw. Yellowing of the lowermost leaves was more 
pronounced as the i*ate of treatment increased. 

Three weeks after treatment, 1, 16, 13, and 27 percent of the 
leaves were chlorotic or necrotic on plots treated with silvex at 0, 
0.22, 1.10, or 5.51 ppmw, respectively. Leaf chlorosis was definitely 
interveinal on plots treated at the highest rate. 

Silvex at 0.22 or 1.10 ppmw did not decrease the yield or quality 
of soybean seed (table 7). However, the concentration of 5.51 ppmw 
decreased both yield and quality of the seed. 

Corn.—Within about 10 days after treatment, the lowermost 
leaves of corn were somewhat more wilted on plots treated with 
silvex at 5.51 ppmw than on untreated checks. As the season ad- 
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vanced, desiccation of the lower leaves was most pronounced on 
such silvex-treated plots. However, none of the treatments decreased 
the yield of fodder or shelled corn (table 7). 

CROP RESPONSE TO 2,4-D IN SPRINKLER IRRIGATION WATER 

Sugarheets.—Within 4 days, some wilting and drooping of the 
leaves and some downward curvature of the petioles was noted on 
plots treated with 2,4-D at 2.21 ppmw (1.0 lb per acre). However, 
such symptoms of injury disappeared within 10 to 15 days. The 
foliage of the sugarbeets was not visibly affected by the treatments 
at 0.02 or 0.22 ppmw (0.01 or 0.1 lb per acre). 

The fresh weight yield of sugarbeet tops was from 10 to 15 tons 
per acre greater on the 2,4-T) treated plots than on the untreated 
plots (table 8). Likewise, the root yields were over 5 tons per acre 
greater on the 2,4-D-treated plots. The increase in ^delds without 
obvious growth differences in the foliage of the plants was remark- 
able. The laboratory analyses indicated that the sugar content was 
from 0.7 to 1.7 percent lower in the 2,4-1)-treated sugarbeets than in 
the untreated checks. Nevertheless, the gross sugar production 
apparently was still higher (200 to 1,600 lb per acre) on the 2,4-D- 
treated plots. Several investigators have reported increases in 
growth, yield, protein, nitrate-nitrogen, or potassium nitrate from 
applications of 2,4-D to plants such as wheat, barley, beans, soybeans, 
potatoes, or sugarbeets (7^, W. W. 21^ 28), For example, Wort 
{28) increased root production of sugarbeets 44 percent by applying 
a composite dust that contained 0.1 percent 2,4-D to the foliage of 
1-month-old seedlings.   Sugar content was not determined. 

Soybeans.—Soybeans were somewhat suppressed 1 week after 
treatment with 2,4-D at 2.21 ppmw. Two weeks after treatment, the 
plants were mostly erect, and only about 10 percent of the leaves 
were chlörotic. By harvesttime, differences between the treated 
plots and the untreated checks were minor. 

Soybeans on plots treated with 2,4-1) at 0.02 or 0.22 ppmw 
appeared normal throughout the season. None of the 2,4-D treat- 
ments reduced the yield or quality of the soybean seed  (table 8). 

Corn.—No visible symptoms of injury were detected in the corn 
after the treatments with 2,4-D. Moreover, such treatments did not 
reduce the yield of fodder or shelled corn (table 8). 

CROP RESPONSE  TO  SILVEX IN SPRINKLER IRRIGATION WATER 

Sugarbeets.—Within 1 to 2 days after treatment with silvex at 
0.22 or 2.21 ppmw, sugarbeets were somewhat wilted and drooped. 
After 4 days, drooping of leaves and downward curvature of the 
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petioles were pronounced (fig. 6). Weeds within the treatment 
areas, particularly lambsquarters, were injured. 

On plots treated at 2.21 ppmw, curvature of the petioles and 
drooping of the leaves persisted until the sugarbeets were harvested. 
The petioles were rather brittle and easily broken, particularly near 
the base. Leaf growth, for the most part, was not killed but was 
chlorotic and arrested. New growth was sparse and malformed. 
Treatments at 0.22 ppmw produced similar symptoms, but to a lesser 
degree. No visible symptoms of injury were observed in sugarbeets 
treated with silvex at 0.02 ppmw. 

Despite the obvious injury to the foliage, the fresh weight yield 
of sugarbeet tops was about 7 tons per acre greater on the silvex- 
treated plots than on the untreated checks (table 8). Moreover, 
root yields w^ere increased about 2, 10, and 13 tons per acre by the 
silvex treatments at 0.02, 0.22, and 2.21 ppmw, respectively. On the 
other hand, the treatments at 0.22 or 2.21 ppmw lowered the sugar 
content of the roots, and the gross sugar yields were 1,600 and 3,400 
lb per acre less, respectively, than those from the untreated checks. 

unfortunately the actions of compounds, such as silvex, at sub- 

PN-3379 
FIGURE 6.—Drooping of sugarbeet leaves and curvature of petioles 4 days after 

silvex was applied at 2.21 ppmw in 2 acre-inches of water by sprinkler 
irrigation. 
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lethal and at lethal dosages within plants are not fully understood. 
The studies indicated a marked imbalance between the photosyn- 
thetic and respiratory processes and an accumulation of water in the 
foliage and root tissues. 

About 30 percent of the sugarbeets harvested from plots treated 
with sih^ex at 2.21 ppmw bore an abundance of adventitious, club- 
like, small roots. Lesions and splits in the epidermis were common, 
and a breakdown in a thin layer of tissue immediately beneath the 
epidermis was noted. A few sugarbeets on plots treated at 0.22 ppmw 
were affected similarly, but to a much lesser degree. 

Soybeans.—Within 1 to 2 days after treatment with silvex at 0.22 
or 2.21 ppmw, soybeans were wilted and drooped. Within 2 weeks 
after treatment at 2.21 ppmw, 75 percent of the leaves were chlorotic 
or necrotic and nearly all plants were decumbent. About 50 percent 
of the plants were slumped to the ground and about 30 percent of 
the leaves were chlorotic on plots treated at 0.22 ppmw. The soy- 
beans on plots treated at 0.02 ppmw were erect and growing normally. 

The soybean leaves on plots treated with silvex at 0.22 or 2.21 
ppmw desiccated prematurely. Yield and quality of seed from such 
plots were reduced significantly (table 8). Silvex at 0.02 ppmw did 
not reduce yields, but impaired the quality of the seed slightly. 

Corn.—Silvex at 0.02, 0.22, or 2.21 ppmw produced no visible 
symptoms of injury in the corn. Yields of fodder and shelled corn 
were not affected significantly (table 8). 

2,4-D RESIDUES IN FURROW-IRRIGATED CROPS 

Sugarleets.—^o 2,4-D residues were detected in the foliage or 
roots of sugarbeets 7 days after the furrow irrigation treatments at 
0.22 ppmw (0.1 lb per acre) (table 9). At the same time, about 0.1 
ppm of 2,4-D was found in the roots on plots treated at 1.10 or 5.51 
ppmw (0.5 or 2.5 lb per acre). 

At harvesttime, no 2,4-D residues were detected in any of the 
foilage samples or in roots from plots treated at 0.22 or 1.10 ppmw. 
Only roots from plots treated at 5.51 ppmw contained any measur- 
able amount of 2,4-D  (0.010 ppm). 

Soyieans.—^o 2,4-D residues were detected in soybean foliage, 
pod, or root samples collected 7 days after treatment at 0.22 or 1.10 
ppmw (table 9). Such samples from plots treated at 5.51 ppmw 
contained only minute amounts of 2,4-D (<0.1 ppm). 

At harvesttime, only soybean roots from plots treated at the high 
concentration of 5.51 ppmw contained any detectable amount of 
2,4-D (0.090 ppm). 

Corn.—Only those foliage samples collected 7 days after treatment 
at 5.51  ppmw contained measurable amounts  of 2,4-D   (table  9). 
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No residues were detected in any grain samples. Low concentrations 
(about 0.1 ppm or less) were found in root samples 7 days after 
treatment at 1.10 or 5.51 ppmw and at harvesttime. 

TABLE "è.—Residues in plant parts after furrow irrigation with 2^Ii.-D 
or silvex-treated water 

Chemical 
and 

plant part 

Concentration 7 days 
after treatment at— 

Concentration at harvest- 
time after treatment at— 

0.22 
ppmw 

1.10 
ppmw 

5.51 
ppmw 

0.22 
ppmw 

1.10 
ppmw 

5.51 
ppmw 

Ppm Ppm Ppm Ppm Ppm Ppm 

2,4-D : 
Sugarbeet foUage <0.005 <0.005 0.08 <0.005 <0.005 <0.005 
Sugarbeet roots _ <.005 .084 .11 <.005 <.005 .01 
Soybean foUage _ <.005 <.005 .05 <.005 <.005 <.005 
Soybean pods ___ <.005 <.005 .01 <.005 <.005 <.005 
Soybean roots _- <.005 <.005 .09 <.005 <.005 .09 
Corn foliage  <.005 <.005 .08 <.005 <.005 <.005 
Corn grain  <.005 <.005 <.005 <.005 <.005 <.005 
Corn roots  <.005 .072 .12 <.005 .009 .075 

Silvex : 
Sugarbeet foUage <.005 <.005 .21 <.005 <.005 <.005 
Sugarbeet roots _ <.005 .051 .27 <.005 <.005 
Soybean foUage _ <.005 .095 .35 <.005 <.005 <.0O5 
Soybean pods  <.005 .015 .02 <.005 <.005 <.005 
Soybean roots ___ .010 .050 .15 <.005 .050 .25 
Corn foliage  <.005 <.005 .28 <.005 .009 .13 
Corn grain  <.005 <.005 .01 <.005 <.005 .01 
Corn roots  <.005 .074 .41 <.005 .097 .78 

SILVEX RESIDUES IN FURROW-IRRIGATED CROPS 

Sugarheets.—No silvex residues were found in sugarbeet foliage, 
except in samples collected 7 days after treatment at 5.51 ppmw 
(table 9). Moreover, no silvex was found in root samples, except in 
those collected 7 days after treatment at 1.10 or 5.51 ppmw. Root 
samples collected at harvesttime from plots treated at 5.51 ppmw 
were lost. 

Soybeans.—On plots treated at 0.22 ppmw, only the root samples 
collected 7 days after treatment contained measurable residues of 
silvex (table 9). Seven days after treatment at 1.10 or 5.51 ppmw, 
all plant parts contained some residues. However, residues in the 
foliage and pods apparently dissipated by harvesttime and only the 
roots retained some silvex. 

Corn.—No silvex residues were detected in foliage or grain sam- 
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pies 7 days after treatment at 0.22 or 1.10 ppmw (table 9). However, 
residues were found in the roots after such treatments and in all 
plant parts after treatment at 5.51 ppmw. 

Plant parts from plots treated at 0.22 ppmw and grain from plots 
treated at 1.10 ppmw contained no measurable residues at harvest- 
time. All other plant parts still contained some silvex (0.01 to 0.78 
ppm). 

2,4-D RESIDUES IN SPRINKLER-IRRIGATED CROPS 

Sugarheets.—Two days after treatment with 2,4-D at 0.02, 0.22, 
or 2.21 ppmw (0.01, 0.1, or 1.0 lb per acre) by sprinkler irrigation, 
all foliage and root samples contained residues (table 10). However, 
only roots from plots treated at 2.21 ppmw contained a measurable 
amount of 2,4-1) at harvesttime (0.01 ppm). 

TABLE 10.—Residues in fiant farts after sprinkler irrigation with 
2,Jf-D or sih^ex-treated water 

Concentration 2 days Concentration at harvest- 
after treatment at— time after treatment at— 

Chemical and     — 
plant part 0.02 0.22 2.21 0.02 0.22 2.21 

ppmw ppmw ppmw ppmw ppmw ppmw 

Ppm Ppm Ppm Ppm Ppm Ppm 
2,4-D : 

Sugarbeet foliage 0.055 0.018 0.09 <0.005 <0.005 <0.005 
Sugarbeet roots _ .073 .522 3.80 <.005 <.005 .01 
Soybean foliage _ .009 .061 .18 <.005 <.005 <.005 
Soybean pods  <.005 .008 .05 <.005 <.005 <.005 
Soybean roots __ <.005 .062 .52 <.005 <.005 .02 
Corn foliage  .008 .094 .51 <.005 <.005 <.005 
Corn  grain  <.005 .008 .05 <.005 <.005 <.005 
Corn roots  <.005 .007 .09 <.005 <.005 .04 

Silvex : 
Sugarbeet foliage <.005 .025 .11 <.005 <.005 <.005 
Sugarbeet roots ._ .105 .801 4.02 <.005 <.005 .08 
Soybean foliage _ .015 .104 .72 <.005 <.0O5 .03 
Soybean pods  <.005 .017 .21 <.005 <.005 <.005 
Soybean roots __ .009 .321 .81 <.005 .062 .16 
Corn foliage  .010 .210 .52 <.005 <.005 .07 
Corn  grain  <.005 .044 .06 <.005 <.005 <.005 
Corn   roots     .010 .101 .45 <.005 .008 .09 

Soyleans.—AW plant parts, except pods and roots from plots 
treated at 0.02 ppmw, contained some 2,4-D residues 2 days after 
treatment  (table 10). Again, only roots from plots treated at 2.21 
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ppmw contained measurable amounts of 2,4-D at harvesttime (0.02 
ppm). 

Corn,—Two days after treatment, 2,4-D residues were detected in 
all plant parts, except grain and roots from the plots treated at 
0.02 ppmw (table 10). Only roots from plots treated at 2.21 ppmw 
contained detectable amounts of 2,4-D at harvesttime (0.04 ppm). 

SILVEX RESIDUES IN SPRINKLER-IRRIGATED CROPS 

Sugarheets.—All foliage and root samples, except foliage samples 
from plots treated at 0.02 ppmw, contained some silvex residues 2 
days after treatment (table 10). However, only roots from plots 
treated at 2.21 ppmw contained measurable residues at harvesttime 
(0.08 ppm). 

Soybeans,—Silvex residues occurred in all plant parts 2 days after 
treatment, except in the pods from plots treated at 0.02 ppmw (table 
10). No residues were detected in pod samples collected at harvest- 
time. Moreover, only foliage from plots treated at 2.21 ppmw and 
roots from plots treated at 0.22 or 2.21 ppmw contained measurable 
amounts of silvex. 

Com,—All foliage, grain, and root samples contained measurable 
concentrations of silvex 2 days after treatment, except grain samples 
from plots treated at 0.22 ppmw (table 10). 

No residues were found in the grain samples at harvesttime. At 
the same time, only foliage from plots treated at 2.21 ppmw and 
roots from plots treated at 0.22 or 2.21 ppmw contained detectable 
silvex residues. 

Frank, Demint, and Comes {10) found that the maximum concen- 
trations of 2,4-D in the water after field applications of N-oleyl-1,3- 
propylenediamine salt derivative at 1.9 to 3 lb per acre to control 
bank weeds along three irrigation laterals were 5.2 to 61.0 ppb. Such 
concentrations were short in duration because the herbicide dissi- 
pated as the water moved downstream. In the most typical treat- 
ment, the average level of 2,4-D in the water during the 5 hours 
required for the treated water to pass a downstream sampling sta- 
tion was 3.6 ppb. The infiltration rate for most soils of this area 
is one-fourth inch or less per hour. If farmland were irrigated for 
8 hours with water that contained an average of 3.6 ppb (total 2 
acre-inches), an extremely remote possibility, only 0.0016 pounds of 
2,4-D would be applied per acre. In our study, none of the edible 
plant parts, except sugarbeet roots, contained detectable amounts of 
2,4-D residue at harvesttime after sprinkler and furrow irrigation 
treatments at rates 625 and 1,563 times higher than 0.0016 lb per 
acre,  respectively.   Furthermore,  the  concentrations  found  in  the 
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sugarbeet roots were only 0.01 ppm and were at least 500 and 2,000 
times below the 2,4-D tolerances in effect in 1972 for certain foods 
and forages for human and livestock consumption, respectively (26). 

No detectable residues of silvex occurred in the edible parts of 
sugarbeets, soybeans, or corn at harvesttime after sprinkler or fur- 
row irrigation treatments at 0.22 ppmw in 2 acre-inches of water 
(0.1 lb per acre) in mid-August. Silvex is currently registered for 
use at 5 pounds per acre-foot in ponds and lakes to control submersed 
aquatic weeds. On the basis of these studies, the irrigation of certain 
crops with 2 acre-inches of such treated water (1.77 ppm or 0.8 lb 
per acre) before adequate degradation has occurred should be 
avoided according to the label because of possible residues and lack 
of established tolerances. 

SUMMARY 

Analytical methods for determining 2,4-D and silvex residues in 
water, soil, and plant material were studied, tested, and modified 
or developed as necessary in preliminary laboratory experiments. 
The basic method used in the studies converted the alkanolamine 
salts of 2,4-D and the PGBE ester of silvex to the methyl ester by 
esterification with boron triflouride in methanol, and the derivatives 
were measured on a gas Chromatograph equipped with an electron 
capture detector. 

By multiple extractions of acidified samples with chloroform, 2,4-D 
and silvex in water samples could be reliably measured at the 0.00004 
and 0.00001 ppm levels, respectively. 

With acidification and multiple diethyl ether extractions, quanti- 
tative measurements of 2,4-D and silvex in soil at concentrations as 
low as 0.002 and 0.0005 ppm, respectively, were achieved. 

With multiple liquid-liquid extractions and basic hydrolysis, fol- 
lowed by column cleanup procedures, a lower limit of 0.005 ppm in 
measuring 2,4-D and silvex residues in plant material was achieved. 

In field experiments, the alkanolamine salts of 2,4-D and the 
PGBE ester of silvex were applied at specified concentrations of 0, 
0.22, 1.10, and 5.51 ppmw in 2 acre-inches of water (0, 0.1, 0.5, and 
2.5 lb per acre, respectively) by furrow irrigation in mid-August to 
sugarbeets, soybeans, and sweet corn. The same chemicals were ap- 
plied to sugarbeets, soybeans, and dwarf corn by sprinkler irrigation 
at specified concentrations of 0, 0.02, 0.22, and 2.21 ppmw (0, 0.01, 
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0.1, and 1.0 lb per acre, respectively) in the same amount of water. 
On the furrow-irrigated plots, 5.51 ppmw of 2,4-D or silvex in- 

jured sugarbeets, soybeans, and sweet corn, but the yields of sugar- 
beets and corn were not reduced at harvesttime. Both chemicals, at 
the high rate, reduced the quality of soybean seed, but only silvex 
decreased the quantitative yields. 2,4-D and silvex at 1.10 ppmw 
also injured sugarbeets and soybeans somewhat, but not sweet corn. 
Yields were not affected significantly. At 0.22 ppmw, neither chem- 
ical injured the crops visibly or reduced yields. 

On the sprinkler-irrigated plots, silvex at 0.22 or 2.21 ppmw in- 
jured the foliage of sugarbeets and soybeans markedly and decreased 
the yield of soybean seed at harvesttime. However, the yields of 
sugarbeet tops and roots were increased by the treatments. Silvex at 
0.02 ppmw reduced the quality of soybean seed, but not the quanti- 
tative yields of either soybeans or sugarbeets. The highest concen- 
tration of 2,4-1) (2.21 ppmw) injured the foliage slightly and tem- 
porarily but did not decrease yields of sugarbeets and soybeans. 
None of the 2,4-D or silvex treatments injured the foliage visibly or 
reduced the yield of dwarf corn. 

With one exception, no edible parts of sugarbeets, soybeans, or 
corn treated at 0.22 or 1.10 ppmw by furrow irrigation or at 0.02 
or 0.22 ppmw by sprinkler irrigation contained detectable amounts 
of free 2,4-D or silvex residues at harvesttime. The exception was 
the silvex residue of 0.01 ppm in corn foliage after treatment at 1.10 
ppmw by furrow irrigation. At the highest concentrations (5.51 and 
2.21 ppmw by furrow and sprinkler irrigation, respectively) 2,4-D 
residues at harvesttime were detected in the roots of the crops only 
(edible sugarbeet roots contained 0.01 ppm or less). At the same 
concentrations, edible parts that contained measurable residues of 
silvex at harvesttime were corn foliage and grain under furrow irri- 
gation and sugarbeet roots, soybean foliage, and corn foliage under 
sprinkler irrigation. 

In these studies, the 2,4-D was applied at concentrations many 
times higher than those found during the monitoring of residues in 
irrigation systems. The concentrations of the residues, if any, in the 
crops were many times below the tolerances in effect in 1972 for 
certain foods and forages for human and livestock consumption. 
Silvex residues in the edible plant parts were also minute, but irri- 
gation of certain crops with silvex-treated water from ponds or 
lakes before adequate degradation has occurred or adequate toler- 
ances have been established probably should be avoided. 
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